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Thermal Inactivation and Postthermal Treatment
Growth during Storage of Multiple Salmonella
Serotypes in Ground Beef as Affected
by Sodium Lactate and Oregano Oil
VIJAY K. JUNEJA, CHENG-AN HWANG, AND MENDEL FRIEDMAN

ABSTRACT: We assessed the heat resistance of Salmonella in raw ground beef in both the absence and presence of
sodium lactate, oregano oil, and in combinations of these 2 GRAS-listed ingredients, and determined their bacterici-
dal or bacteriostatic activities during postthermal treatment storage at 15 ◦C. A cocktail of 8 serotypes of Salmonella
spp. was inoculated into ground beef supplemented with sodium lactate (NaL) (1.5% and 3%) and/or oregano oil
(0.5% and 1%) to obtain approximately 8 log CFU/g. The ground beef samples (3 g) were vacuum-packed and heated
at 60, 65, or 71 ◦C in a circulating water bath for selected times to inactivate approximately 5 to 6 log CFU/g of the
pathogen, and then stored at 15 ◦C for 15 and 30 d. Results show that especially at the lower cooking temperatures,
addition of oregano oil increased the inactivation rate of Salmonella spp., whereas addition of NaL alone exhibited a
protective effect against lethality and decreased the rate. Addition of combinations of oregano oil and NaL overcame
this protective effect. During subsequent posttreatment storage for 15 d, Salmonella populations in the controls and
in samples containing 0.5% oregano (60 and 65 ◦C) or 1% oregano oil (60 ◦C) increased to 4.5 to 6 log CFU/g. The val-
ues for all other samples were at or near undetectable levels. Results from the 30-d storage study were similar. These
findings indicate that lactate and oregano oil may be used to render Salmonella spp. more susceptible to the lethal
effect of heat and to inhibit growth of Salmonella spp. that survive heat treatments.
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Introduction

Salmonella are facultatively anaerobic Gram-negative nonspore
forming rods belonging to the family Enterobacteriaceae. The

ubiquitous occurrence of Salmonella in the environment, coupled
with intensive animal husbandry practices, has favored the promi-
nence of this pathogen in foods and in food ingredients world-
wide. The organism has been isolated from 19% to 54% of cattle
carcasses, 1.9% of beef samples at retail, and 4.2% of retail chicken
samples (Zhao and others 2001; Beach and others 2002).

Salmonella is a leading cause of gastroenteritis in humans. There
are about 1.4 million cases of non-typhoid salmonellosis annually
in the United States caused by foodborne Salmonella serotypes
(Crum-Cianflone 2008; CDC 2009). Contaminated ground beef
is one of the primary modes of foodborne transmission of this
pathogen. Ground beef containing Salmonella is a potential health
hazard and a continuing concern both for consumers and the food-
service industry (Naugle and others 2006; Phillips and others 2008).
One of the important contributing factors that leads to outbreaks
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of salmonellosis is inadequate time/temperature exposure of food
during initial thermal processing (cooking) and during reheating
in retail food service establishments or in the home. Therefore,
the primary means to control the potential hazard of Salmonella
in processed meat is effective thermal processing. Accordingly, the
U.S. Dept. of Agriculture, in an effort to eradicate this public health
hazard, has proposed a 7-D (7-log) reduction in population of
Salmonella species for cooked beef, ready-to-eat roast beef, and
cooked corned beef at point of sale (USDA/FSIS 1999).

The natural antimicrobial, oregano oil, has been reported to in-
hibit pathogenic bacteria in meat and other foods. Previous stud-
ies showed that oregano oil and its major ingredient carvacrol (1)
inhibited Listeria monocytogenes in meat during storage (Tsigarida
and others 2000); (2) was highly active in buffers against both sus-
ceptible and antibiotic-resistant foodborne pathogens (Friedman
and others 2002, 2004a, 2006; Friedman 2006; Ravishankar and oth-
ers 2008; Wong and others 2008); (3) inactivated pathogens in apple
juice (Friedman and others 2004b), in wine marinades (Friedman
and others 2007), and in antimicrobial tomato films (Du and others
2009); (4) inhibited the growth of pathogens in sausages (Busatta
and others 2007); (5) inhibited Clostridium perfringens spore ger-
mination and outgrowth in cooked ground beef (Juneja and others
2006b) and in ground turkey during chilling (Juneja and Friedman
2007); (6) in combinations with cranberry and sodium lactate, in-
hibited the growth of L. monocytogenes in broth and cooked ground
beef (Apostolidis and others 2008); and (7) acted synergistically
with cranberry against L. monocytogenes in fish and meat products
(Lin and others 2004).
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Sodium lactate (NaL) has also been reported to exhibit broad an-
timicrobial effects in meats. Selected previous studies that are rele-
vant to the theme of the present study mentioned in chronological
order showed that (1) combinations of lactate and diacetate salts
were more effective in inhibiting L. monocytogenes and Salmonella
spp. during storage of beef bologna than either salt alone (Mbandi
and Shelef 2002); (2) the heat resistance of Salmonella spp. at fixed
internal temperatures between 55 and 71 ◦C increased in the pres-
ence of NaL and other salts (Juneja and others 2003); (3) the thermal
resistance of E. coli O157:H7 was not affected by added NaL (Huang
and Juneja 2003); (4) NaL in combination with NaCl extended the
quality and shelf life of ground beef (Sallam and Samejima 2004);
and (5) a high CO2 atmosphere did not increase the inhibition
of Salmonella enterica Typhimurium in ham and pork by NaL or
sodium diacetate (Michaelsen and others 2006).

Sodium lactate is currently added to some meat products as a
preservative, but has disadvantages. High concentrations of NaL
in food may impart an acid taste, add sodium to the diet, and in-
crease resistance of bacteria to thermal inactivation. Previously, we
found that certain natural additives, including carvacrol, an iso-
late of oregano oil, may both decrease growth of E. coli and de-
crease optimal time and temperature combinations required to kill
the bacteria in beef (Juneja and Friedman 2008). It is therefore of
interest to find out whether the use of lower levels of NaL together
with oregano oil will inhibit Salmonella in a meat matrix.

The main objective of the present study was to determine heat
resistance of Salmonella serotypes in raw ground beef and the pos-
sibilities of subsequent growth of the pathogen at a temperature
abuse of 15 ◦C. We assessed the ability of NaL and oregano oil,
individually and in combination, to reduce the heat resistance of
a cocktail of 8 Salmonella serotypes in contaminated raw ground
beef cooked at 60, 65 and 71 ◦C, and of subsequent growth of the
pathogens at 15 ◦C. Such information about growth kinetics of in-
jured cells, previously subjected to intervention treatments meant
to inactivate the cells, is necessary to model the occurrence and
magnitudes of hazards in food that may cause or contribute to ad-
verse outcomes.

Materials and Methods

Materials
Sodium lactate was obtained from Sigma (St. Louis, Mo., U.S.A.)

and oregano oil from Lhasa Karnak Herbal Co. (Berkeley, Calif.,
U.S.A.).

Bacterial serotypes
A cocktail of 8 serotypes of Salmonella representing isolates from

beef, pork, chicken, turkey, or human clinical cases was used in
this study. The information about these serotypes evaluated as a
cocktail is given in Table 1. These serotypes were preserved as
frozen (−80 ◦C) stocks in vials containing brain heart infusion
broth (BHI; Difco Laboratories Inc., Detroit, Mich., U.S.A.) supple-
mented with 15% (v/v) glycerol (Sigma Chemical Co., St. Louis, Mo.,
U.S.A.).

Preparation of inocula. To propagate the cultures, vials were
partially thawed at room temperature, and 1.0 mL of the thawed
culture was transferred to 50 mL of BHI broth in 250 mL flasks
and incubated aerobically for 24 h at 37 ◦C. Due to the presence
of freeze-damaged cells, this culture was not used in heating tests.
Two consecutive 24-h transfers were made by using 0.1 mL inocula.
These cultures were then maintained in BHI for 2 wk at 4 ◦C. A new
series of cultures was initiated from the frozen stock on a biweekly
basis.

Before each experiment, the inocula for conducting the heating
studies were prepared by transferring each culture (0.1 mL) to BHI
(50 mL) in 250 mL flasks and incubating aerobically for 18 h at 37 ◦C
to provide late stationary phase cells. A primary culture of each
serotype was sedimented by centrifuging (5000 × g, 15 min, 4 ◦C)
and washed in 0.1% peptone water (PW; wt/vol). This centrifuga-
tion and washing step was repeated twice. The cell pellets were fi-
nally suspended in PW to a target level of 8 to 9 log CFU/mL. The
population densities in each cell suspension were enumerated by
spiral plating (Model D; Spiral Biotech, Bethesda, Md., U.S.A) ap-
propriate dilutions (in 0.1% PW), in duplicate, onto tryptic soy agar
plates (TSA, Difco, Sparks, Ohio, U.S.A.). The plates were then incu-
bated at 37 ◦C for 24 h to determine the initial number of bacteria.
Approximately equal volumes of each culture were combined in a
sterile conical vial to obtain an 8-serotype mixture of Salmonella
(8 log CFU/mL) before inoculation of meat.

Beef products
Raw 95% lean ground beef, used as the heating menstruum, was

obtained from a retail supermarket. The meat was separated into
batches for different treatments and mixed thoroughly with NaL
(0% to 3%, wt/wt) and/or oregano oil (0% to 1%). The pH of the
meats tested were determined using a combination electrode (Sen-
sorex, semi-micro, A.H. Thomas, Philadelphia, Pa., U.S.A.) attached
to a pH meter (Orion model 310, Boston, Mass., U.S.A.). The meat
was placed into Stomacher 400 polyethylene bags (50 g/bag) and
vacuum-sealed. Thereafter, 5 of these bags were vacuum-sealed in
barrier pouches (Bell Fibre Products, Columbus, Ga., U.S.A.), frozen
at −20 ◦C and irradiated (25 kGy; 4 h) to eliminate indigenous mi-
croflora. Random samples were tested to verify elimination or in-
activation of microflora by diluting meat 1 : 1 in 0.1% PW to obtain
a slurry, followed by direct surface plating the suspension (0.1 and
1 mL) onto TSA and incubating aerobically at 37 ◦C for 48 h.

Experimental design
A complete factorial design was used to assess the effects and

interactions of heating temperature, NaL, and oregano oil. Levels
of the factors studied are as follows: heating temperature: 60, 65,
and 71 ◦C; NaL: 0%, 1.5%, and 3%; oregano oil: 0%, 0.5%, and 1%.

Sample preparation and inoculation
The cocktail of 8 serotypes of Salmonella (0.3 mL) was added

to thawed, irradiated ground meat (30 g) with added NaL and/or
oregano oil. The inoculated meat was blended with a Stomacher
400 Lab-blender (Tekmar, Cincinnati, Ohio, U.S.A.) for 5 min to
ensure even distribution of the organisms in the meat sample.

Table 1 --- Designations and sources of the 8 Salmonella
serotypes evaluated in the present study.

Original
serotype

Species/serotypes designation Source Isolate

Salmonella Thompson FSIS 120 FSIS Chicken
Salmonella Enteritidis H3527 CDC Clinical
Phage Type 13A
Salmonella Enteritidis H3502 CDC Clinical
Phage Type 4
Salmonella Typhimurium H3380 CDC Clinical
Phage Type DT 104
Salmonella Hadar MF 60404 FSIS Turkey
Salmonella Copenhagen 8457 FSIS Pork
Salmonella Montevideo FSIS 051 FSIS Beef
Salmonella Heidelberg F5038BG1 CDC Stuffed ham/

chad slicer

M2 JOURNAL OF FOOD SCIENCE—Vol. 75, Nr. 1, 2010



M:
Fo

od
Mi

cr
ob

iol
og

y
&

Sa
fet

y

Thermal inactivation of Salmonella . . .

Duplicate ground meat samples (3 g) were then weighed aseptically
into 30 × 19 cm sterile filtered Stomacher bags (Spiral Biotech).
Thereafter, the bags were compressed into a thin layer (approx-
imately 0.5-1 mm thick) by pressing them against a flat surface,
excluding most of the air, and then heat sealed using a Multivac
packaging machine (Model A300/16, Multivac Inc., Kansas City,
Mo., U.S.A.). Negative controls consisted of bags containing meat
samples inoculated with 0.1 mL of 0.1% PW with no bacterial
cells.

Thermal inactivation and bacterial enumeration
The thermal inactivation studies were carried out in a tempera-

ture controlled circulating water bath (model RTE-17, Digital Plus,
NESLAB Instruments Inc., Newington, N.H., U.S.A.) stabilized at 60,
65, or 71 ◦C as described by Juneja and others (1997). Based on
the preliminary studies on heat lethality of about 5 to 6 log CFU/g
(data not shown), heating time ranged from 12 min at 60 ◦C to 30 s
at 71 ◦C. After removal, bags were immediately plunged into an
ice–water bath and analyzed within 30 min. Surviving bacteria were
enumerated by adding sterile 0.1% PW (3 mL) to each meat sample
to obtain a 1 : 1 (w/v) slurry and pummeling for 2 min with a Stom-
acher 400 lab blender. Decimal serial dilutions of the suspensions
were prepared in 0.1% PW and appropriate dilutions, in duplicate,
were surface plated onto TSA plates supplemented with 0.6% yeast
extract and 1% sodium pyruvate, using a spiral plater.

Samples not inoculated with Salmonella cocktail were plated as
controls. All plates were incubated at 30 ◦C for at least 48 h prior to
counting colonies. To estimate heat-induced lethality, an average
Colony Forming Units per gram value for 4 plates at each sampling
point was used for each replicate experiment.

Growth of Salmonella during postthermal treatment
Samples subjected to heating for the duration of the thermal

inactivation experiments were quickly cooled and then stored at
15 ◦C. Population densities were determined at 15 and 30 d as de-
scribed previously.

Statistical analysis
The heat resistance data were analyzed by analysis of variance

(ANOVA) using SAS (2000) to determine if there were statistically
significant differences among the treatments. The Bonferroni mean
separation test was used to determine significant differences (P <

0.05) among means (Miller 1981).

Results and Discussion

Pathogen exposure risk assessment
One of the components of microbial risk assessment is the de-

termination of expected consumption of a microbial pathogen or
its toxins (Sheridan and others 1996). The exposure assessment
(EA) typically includes assessment of a hazard in a particular food
for given scenarios during the production, processing, distribution,
and preparation of that food. Thermal processing must typically re-
sult in million-fold reductions in bacterial populations in foods. EA
analysis also involves estimating the likelihood of pathogens sur-
viving a heat treatment and then growing to highly infectious dose
levels that might cause illness if consumed without adequate re-
heating prior to consumption.

In a relevant study, Juneja and Marks (2006) found that when
growth kinetic parameters of Salmonella serotypes were assessed
following pre- and postthermal (55 ◦C) inactivation treatment, the
lag phase duration times for the postheat treated cells increased
at 25 and 37 ◦C by about 6.2 and 3 h, respectively. Thus, higher

growth temperature of cells enhanced the recovery time from injury
compared to that occurred at a lower temperature. The 2 chosen
temperatures, 25 and 37 ◦C, represent a region where the growth
of Salmonella is rapid. While this study provided some character-
ization of Salmonella behavior after thermal treatment, there ap-
pears to be a lack of information on the posttreatment growth of
Salmonella in meat at the temperature abuse conditions encoun-
tered during transportation, distribution, and storage and handling
in markets, restaurants or by consumers.

Combined effects of sodium lactate
and oregano oil on Salmonella in ground beef

The present study assessed the effects and interactions of tem-
perature, NaL, and oregano oil on heat inactivation of an 8-serotype
Salmonella cocktail in 95% lean ground beef with a pH of 5.46.
When plating samples, we used TSA supplemented with 0.6% yeast
extract and 1% sodium pyruvate for recovery of surviving cells af-
ter heating. In preliminary studies, this formulation gave the maxi-
mum recovery of heat-injured Salmonella compared with recovery
on un-supplemented TSA (data not shown).

Cooking beef at 60 ◦C resulted in 5.7 log CFU/g reduction of
Salmonella after 12 min of heating (Table 2). However, almost the
same level of reduction was achieved within 8 min in beef with
added 0.5% or 1% oregano oil. Thus, the pathogen was rendered
more sensitive to the lethal effect of heat when beef was supple-
mented with oregano oil. In contrast, beef with added 1.5% NaL
exhibited a protective effect against heat lethality. For example, a
15 min heating time at 60 ◦C was needed to decrease Salmonella
cells from 7.92 to 2.23 log CFU/g (5.69 log reduction).

In the present study, NaL did not exhibit a concentration-
dependent protective effect towards heat on Salmonella in beef be-
cause increasing the level of NaL did not result in parallel increase
in heat resistance. A 5.33 log CFU/g reduction of Salmonella cells
was observed at 60 ◦C in beef with 3% added NaL after 15 min. Nev-
ertheless, the protective effect of NaL presumably arises because
added lactate lowered the water activity (aw) in the meat matrix.
For example, Hammer and Wirth (1985) showed a reduction in aw

in cooked liver sausage following the addition of 1% NaL. Similar
effects were reported in various model preparations of kamaboco
after addition of 7.5% NaL (Kim and Park 1982). However, Jeong
and others (1983) reported NaL was effective in lowering aw of kam-
aboco when used in combination with other humectants. A related
study (Debevere 1989) found that in vacuum-packaged coarse pork
liver pate with added 2% NaL, the aw decreased from 0.959 to 0.945.
The effect of reduced aw on heat resistance is characterized by an
increase in protection against the lethal effect of heat. It appears
that reducing aw leads to poor heat penetration through the heat-
ing menstruum, thereby accounting for the increased resistance of
pathogens in beef.

We found that the undesirable protective effect of NaL in beef
was overcome with the addition of oregano oil. The addition of
oregano to beef in the presence of NaL increased the heat suscepti-
bility of Salmonella (Table 2). For example, while Salmonella levels
in beef containing 1.5% NaL decreased by 5.69 log CFU/g (from 7.92
to 2.23 log CFU/g) in 15 min at 60 ◦C, the levels decreased by 6.66
and 6.77 log CFU/g within only 10 min in beef containing 1.5% NaL
and 0.5% or 1% oregano, respectively. Supplementation of beef at
60 ◦C containing 3% NaL with 1% oregano resulted in a reduction
of about 6 log CFU/g in 8 min compared to about a 5-log reduction
in 15 min. These results show that addition of oregano oil reduces
the protective effect of NaL, rendering Salmonella in beef more sen-
sitive to heat at 60 ◦C (Table 2). Similar results were noted at higher
temperatures.
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Table 2 --- Heat inactivation of Salmonella spp. in ground beef by various treatments at 60, 65, and 71 ◦C.

Treatment Initial levela Final levela Log reductiona Inactivation rateb

60 ◦C

Control 7.83 ± 0.16 2.14 ± 0.26 5.70 ± 0.11 (12) 0.47 ± 0.01ab

0.5% Oregano 7.66 ± 0.03 2.44 ± 0.43 5.23 ± 0.40 (8) 0.65 ± 0.05ab

1% Oregano 7.68 ± 0.11 2.54 ± 0.53 5.15 ± 0.64 (8) 0.64 ± 0.08ab

1.5% Lactate 7.92 ± 0.19 2.23 ± 0.62 5.69 ± 0.81 (15) 0.38 ± 0.05b

1.5% Lactate + 0.5% oregano 8.11 ± 0.53 1.45 ± 0.94 6.66 ± 1.47 (10) 0.67 ± 0.15ab

1.5% Lactate + 1% oregano 8.16 ± 0.21 1.39 ± 0.13 6.77 ± 0.33 (10) 0.68 ± 0.03ab

3% Lactate 7.82 ± 0.05 2.49 ± 0.05 5.33 ± 0.10 (15) 0.36 ± 0.01b

3% Lactate + 0.5% oregano 8.18 ± 0.28 1.16 ± 0.36 7.03 ± 0.08 (12) 0.59 ± 0.01ab

3% Lactate + 1% oregano 7.90 ± 0.01 1.94 ± 0.50 5.96 ± 0.51 (8) 0.75 ± 0.06a

65 ◦C

Control 7.98 ± 0.16 3.87 ± 0.12 4.11 ± 0.28 (1.5) 2.74 ± 0.28c

0.5% Oregano 7.98 ± 0.03 3.56 ± 1.11 4.42 ± 1.14 (1.5) 2.95 ± 1.14c

1% Oregano 7.68 ± 0.11 2.29 ± 0.45 5.39 ± 0.34 (2) 2.70 ± 0.17c

1.5% Lactate 7.92 ± 0.19 2.50 ± 0.29 5.42 ± 0.48 (1.5) 3.61 ± 0.32bc

1.5% Lactate + 0.5% oregano 8.11 ± 0.53 2.84 ± 0.09 5.27 ± 0.62 (0.25) 4.22 ±0.50abc

1.5% Lactate + 1% oregano 8.16 ± 0.21 2.11 ± 0.88 6.05 ± 0.68 (1.5) 4.03 ±0.45abc

3% Lactate 7.82 ± 0.05 2.87 ± 0.07 4.95 ± 0.12 (2) 2.47 ± 0.06c

3% Lactate + 0.5% oregano 7.88 ± 0.28 3.83 ± 0.31 4.05 ± 0.03 (1.5) 2.70 ± 0.02c

3% Lactate + 1% oregano 7.88 ± 0.01 3.29 ± 0.24 4.59 ± 0.23 (1.5) 3.06 ± 0.16c

71 ◦C

Control 7.83 ± 0.16 2.17 ± 0.59 5.66 ± 0.75 (0.83) 6.82 ± 0.90b

0.5% Oregano 7.66 ± 0.03 2.47 ± 0.06 5.19 ± 0.08 (0.83) 6.25 ± 0.10b

1% Oregano 7.68 ± 0.11 2.12 ± 0.36 5.57 ± 0.25 (0.83) 6.70 ± 0.30b

1.5% Lactate 7.92 ± 0.19 2.23 ± 0.67 5.69 ± 0.86 (1) 5.69 ± 0.86b

1.5% Lactate + 0.5% oregano 8.11 ± 0.53 2.66 ± 0.12 5.45 ± 0.65 (0.83) 6.57 ± 0.78b

1.5% Lactate + 1% oregano 8.16 ± 0.21 2.68 ± 0.33 5.48 ± 0.13 (0.75) 7.31 ± 0.17b

3% Lactate 7.82 ± 0.05 0.97 ± 0.26 6.85 ± 0.31 (0.75) 9.13 ± 0.41ab

3% Lactate + 0.5% oregano 8.18 ± 0.28 1.78 ± 1.41 6.40 ± 1.13 (0.5) 12.80 ± 2.26a

3% Lactate + 1% oregano 7.90 ± 0.01 1.47 ± 0.30 6.43 ± 0.29 (0.5) 12.85 ± 0.58a

aData are means of 2 replicate experiments, each performed in duplicate and expressed as mean ± SD (log CFU/g).
bUnit of inactivation = log (CFU/g)/min. Means followed by different letters within a column are significantly different (P < 0.05).

Our observations that addition of lactate enhances the survival
of Salmonella and that other additives may mitigate this effect are
consistent with a previous report that sodium pyrophosphate in-
teracted with NaCl (salt), thereby reducing the protective effect of
salt on E. coli O157:H7 in beef (Juneja and Eblen 1999). These ob-
servations support the concept of applying multitarget hurdles to
counterbalance the possible negative impact of a single additive.

Inactivation rates of Salmonella in ground beef
Inactivation rates of Salmonella in ground beef by 8 treatments

at 3 temperatures were calculated by dividing the log reductions by
the heating time in minutes at each temperature. At 60 or 65 ◦C,
the average inactivation rate (log CFU/min) was not significantly
(P > 0.05) different in beef with added 0.5% to 1% oregano oil
and/or 1.5% to 3% NaL (Table 2). With the exception of beef sam-
ples with 3% NaL and 0.5% to 1% oregano oil at 71 ◦C, there was
no apparent reduction in rates of inactivation of the bacteria in the
presence of the additives (Table 2). For example, with 3% NaL in
beef, the rate of inactivation increased from 6.82 (heated control) to
9.13 log CFU/min, a 33.9% increase by the added lactate. However,
this 2.31 log/min increase was not significantly (P > 0.05) differ-
ent from the rate of inactivation in control beef. The corresponding
changes were significantly (P < 0.05) higher with added 3% lactate
and 0.5% oregano oil, as evidenced by a rate of 12.8 log CFU/min,
an 87.7% increase. Similarly, with 3% lactate and 1% oregano oil,
the reduction rate significantly (P < 0.05) increased to 12.85 log
CFU/min or an 88.4% increase. These observations indicate that
the combination of lactate and oregano oil is more effective in in-
creasing the inactivation rate of the bacteria than are lactate or
oregano oil alone. These results also show that the large enhance-

Table 3 --- Increase of Salmonella spp. population densi-
ties during storage (15 ◦C/15 d) of cooked ground beef
mixed without and with added antimicrobials.

Log CFU/g increase after 15 d of
storageA (inactivation temperature)

Treatment 60 ◦C 65 ◦C 71 ◦C

Control 5.97 ± 0.40a 5.75 ± 0.44a 4.50 ± 0.26a

0.5% Oregano 5.35 ± 0.35a 4.70 ± 3.21ab ND
1% Oregano 4.55 ± 1.58a ND ND
1.5% Lactate 0.00 ± 0.00b 0.02 ± 0.02b ND
1.5% Lactate + 0.5%

oregano
1.05 ± 0.95b ND ND

1.5% Lactate + 1%
oregano

0.55 ± 0.77b 0.27 ± 0.37b ND

3% Lactate ND ND 0.08 ± 0.11b

3% Lactate + 0.5%
oregano

ND ND ND

3% Lactate + 1%
oregano

ND ND ND

AData are means of 2 replicate experiments, each performed in duplicate and
expressed as mean ± SD. Means followed by different letters within a column are
significantly different (P < 0.05).
ND = not detected.

ment in the rates of inactivation of the bacteria with lactate and
0.5% oregano oil was identical to that of lactate and 1% oregano
oil.

Bacterial growth in cooked ground beef
during storage for 15 or 30 d without
and with antimicrobials

Table 3 compares the increase of bacteria (in log CFU/g) of
the ground beef heated at 3 temperatures without and with
added antimicrobials. To facilitate understanding the dynamics of
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Figure 1 --- Bar
graphs (mean ±
SD) depicting the
dynamics of
growth and
growth inhibition
of Salmonella
spp. in ground
beef without and
with added
antimicrobials
(sodium lactate
and oregano oil)
heated to 3
internal
temperatures
and stored at
15 ◦C for 15 d.

inactivation and growth of the bacteria, the observed trends at the
3 temperatures are also depicted as bar graphs in Figure 1. After
heating at 60 ◦C, the increase in Salmonella numbers after 15 d of
storage at 15 ◦C ranged from 4.55 to 5.97 log10 CFU/g in beef with-
out or with 0.5% to 1% oregano oil. This increase was significantly
higher (P < 0.05) than that of the beef samples with added NaL or
NaL and oregano oil. While population densities of Salmonella in
beef without or with 0.5% added oregano heated at 65 ◦C and stored
at 15 ◦C for 15 d increased by about 5 log CFU/g, the pathogen was
either not detected or the level was only 0.27 log CFU/g in beef with
added 1% oregano and/or 1.5% to 3% NaL. At a higher heating tem-
perature of 71 ◦C, surviving cells increased to 4.5 log CFU/g only in
heated control samples.

These findings imply that the higher heating temperatures in-
duced a higher level of injury to cells and that the surviving injured
cells were sensitive to antimicrobials. The net result in the major-
ity of cases was decreased Salmonella population densities during
storage to nondetectable levels (Table 3). The cited results show
that the added antimicrobials plus heat, but not heat alone, pro-
tected the meat samples against growth of Salmonella during stor-
age at 15 ◦C for 15 d. The combination appears to have behaved as
bactericidal rather than as bacteriostatic agents.

Table 4 shows the observed growth of Salmonella in samples
stored at 15 ◦C for 30 d. The data show that results were similar to
results observed at 15 d. With added 0.5% oregano oil, growth took
place in samples previously heated at 60 or 65 ◦C, but not in those
heated at 71 ◦C. With 1% oregano oil, growth occurred in the 60 ◦C
sample, but not in the samples heated at 65 or 71 ◦C. There was no
apparent growth during storage in the samples with added NaL or
with NaL and oregano oil.

Table 4 --- Growth/no growth of Salmonella during storage
(15 ◦C/30 d) of cooked ground beef mixed without and
with antimicrobials.

Growth/no growth
Salmonella in ground beef

previously heated at:

Treatment (heat only) 60 ◦C 65 ◦C 71 ◦C

Control + + +
0.5% Oregano + + −
1% Oregano + − −
1.5% Lactate − − −
1.5% Lactate + 0.5% oregano − − −
1.5% Lactate + 1% oregano − − −
3% Lactate − − −
3% Lactate + 0.5% oregano − − −
3% Lactate + 1% oregano − − −

The 30-d storage data also imply that exposure of the bacteria
in the meat matrix to heat alone appears to induce a bacteriostatic
rather than bactericidal effect. Oregano oil alone is bacteriostatic
at the lower and bactericidal at the higher temperatures. Lactate
alone or in combination with oregano oil was bactericidal at all 3
temperatures.

In a relevant study, Ray (1989) indicated that the assessment of
the true lethality of a bacterial population in foods has implications
for the microbiological safety of minimally processed foods. This is
because the time and temperature employed for the destruction of
microbial cells may result in either killing or sublethally injuring the
cells. Additionally, the heat-treated cells exhibit a lag period, which
may vary from several hours to a few days, before surviving cells
begin to grow and multiply.
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Calculation of thermotolerance of the cells exposed to heat de-
pends upon the methods used for recovery and enumeration of the
surviving heat-treated cells. Microbial cells injured by heat or other
environmental stressors may be sensitive to the harsh conditions
present in a selective medium and thus unable to resuscitate imme-
diately. Harsh conditions sometimes used to achieve selectivity and
suitability for the isolation of uninjured cells may include supple-
mentation of the recovery media with chemicals such as bile salts,
NaCl, and deoxycholate. Many injured cells may remain undetected
when selective media are used. In the present study, we simulated
the conditions that might occur during mild temperature abuse of
processed beef and stored samples at 15 ◦C to allow recovery of the
surviving cells after exposure to heat.

Conclusions

For sensory and quality reasons, optimal time and tempera-
ture combinations are often not employed when cooking cer-

tain ground meat products, such as hamburger patties. Survival
of pathogens in undercooked products can result in food poison-
ing outbreaks. Previously we found that addition of certain natu-
ral, food-compatible additives to beef may both decrease microbial
growth and decrease optimal time and temperature combinations
(Juneja and others 2006a, 2009; Juneja and Friedman 2008).

The results of the present study extend our knowledge about an-
timicrobial activities of safe food-compatible ingredients in ground
beef. Sodium lactate in combination with oregano oil is an effective
formulation that can be used to reduce levels of Salmonella spp. in
ground beef and has the potential to enhance the microbial safety
of cooked meat and prevent outgrowth during postthermal storage.
Lactate and oregano oil may be used to enhance the sensitivity of
Salmonella spp. to the lethal effect of heat and to inhibit growth of
pathogenic bacteria that survive the heat treatments. These results
complement and extend the related observations on the control of
Salmonella and possibly other foodborne pathogens in ground beef
and possibly other foods as well. These findings are expected to as-
sist the retail food industry in designing cooking regimes that en-
sure the safety of beef contaminated with Salmonella serotypes.
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